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There has long been controversy as to the
precise significance of Candida albican8 in human
disease. Numerous workers have pointed out
that this organism is frequently cultured from
clinically normal skin and secretions. Mere iso-
lation from a lesion is clearly not enough on
which to base a diagnosis and serological and
immunological methods have therefore been
sought. However, most investigators in these
latter fields have had disappointing results (1, 2).
Recently Maibach and Kligman (3) were unable
to detect any rise in agglutinins following experi-
mental infections in five subjects. However, they
did not specify the extent of the infections in-
duced and possibly the opportunity for the
stimulation of antibody formation was trivial
compared with that in naturally occurring in-
fection. In contrast Kashkin (4) has stated that
complement-fixing antibody titers were of value
in diagnosis.
In recent years the problem of infection with
Candida albicans and its diagnosis has increased
through the introduction of antibiotics and
corticosteroid therapy, and it was felt that there
was room for a further comprehensive study of
(a) incidence and (b) diagnosis of Candida albicans
infection, with particular attention to serological
and skin testing methods.
MATERIALS AND METHODS
Three groups of patients were studied: (a)
controls with no evidence of skin or gastrointesti-
nal disease; (b) patients with dermatoses in whom
candidiasis, if present at all, was not the main
diagnosis; (c) patients diagnosed clinically as
having Candida infections but with no other skin
or underlying disease. Patients known to have
received antibiotics, corticosteroids or sulfona-
mides within one month of being examined were
excluded.
Clinical Diagnosis of Candida Infection
This was suspected when the affected skin site
was soggy or macerated; the presence of sharp-
edged erythema, superficial pustules and satellite
lesions were used as firmer evidence and the
patients accepted as having clinical Candida in-
fection always had at least three of these four
features, except those thought to have Candida
perionychia; in these, nail dystrophy, 'bolstering'
of the perionychial tissues, and occasional puru-
lent discharge from under the nail quick were the
required features.
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Collecting of Specimens
Scrapings were collected from four sites thought
most likely to harbor commensal Candida albicans
organisms—angles of mouth, index finger nails
(terminal clippings), perianal skin, and terminal
toe-web clefts; both sides were scraped with a
sterile scalpel and the specimens transported to
the laboratory between dry sterile glass slides
wrapped in filter paper. Patients with skin diseases
had an additional scraping from a representative
lesion. Blood and stool samples were also collected.
Skin Testing
Intradermal tests were performed, usually on
the right forearm, using a commercial antigen
(Messrs. Bencard Ltd.) and one prepared by our-
selves of roughly equivalent strength. Controls
were always performed and the results were read
at 15 minutes ("immediate reaction") and at 48
hours ("delayed reaction"). The average di-
ameter of the wheal and infiltrated papule re-
spectively minus those of the control were taken
as the result, ignoring any flare. In each instance
0.05 ml. of each solution was injected into the skin
and results are recorded in millimeters.
Handling of Specimens
The scrapings from patients were inoculated as
soon as possible after collection onto three differ-
ent media (a) Sabouraud's agar slopes, (b) malt
extract agar slopes and (c) malt extract agar
slopes + 0.036% potassium tellurite. Prior to
inoculation the two former media were flooded
with a solution containing 10 mgms. actidione,
200 units penicillin and 200 pgms streptomycin
per ml. in order to reduce the numbers of con-
taminating bacteria and fungi. The cultures were
held at room temperature for a minimum period
of ten days before being discarded as negative.
At the start of the survey it was decided that
culture findings were more informative than the
results of direct microscopic examination of the
specimens and the latter are not included here.
Any yeast-like organism growing on the media
was examined by the corn meal slit technic and
sugar fermentation reactions.
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Agglutination Technic
The technic used was the one described by
Winner (1).
RESULTs
Ninety-one patients were examined, but ten
of these were subsequently discovered to have
had eorticosteroid, antibiotic or sulfonamide
therapy and were therefore excluded from the
final results, leaving 81 patients, 41 female and
40 male. Table 1 shows the results of cultures in
the three groups of patients in the first three
columns. The fourth column shows the results in
ten patients who were considered to have pure
Candida infection with no other skin disease and
who responded to specific treatment for Candida
TABLE 1
Results of cultures from each site in the three groups
of patients. Column 4 shows results in JO patients
believed to have classical Cartdida infection and
no other disease
infection. Of the 20 controls 12 were regarded as
"pure controls", that is to say no cultures were
positive from any site. It is notable that only one
specimen from the lesion of a non-Candida
patient was positive for Candida albicans. We
found little relation between the clinical appear-
ances and the results of culture in the routine
sites except in the perineum, where maceration
was usually accompanied by positive cultures
and vice versa.
Table 2 shows the result of skin testing in the
same three groups of patients, columns 4 and 5
showing "pure controls" and "pure Candida"
infections as defined above separated from these.
There is no significant differencet between the
immediate results of pure Candida infections and
pure controls (t = 0.72, p = 0.5), and there is
no difference between the mean delayed readings
for these groups. Table 3 shows the results of
skin testing of all patients with a positive culture
somewhere, and in column 2 patients with all
cultures negative, whatever the diagnosis. There
is a significant difference between the immediate
readings for these two groups at the 1% level
(I = 2.77), but not for the delayed (I = 0.25,
p = 0.8). However, it is clear that the difference
is not of such an order as to be useful diag-
nostically.
Tables 4 and S similarly show the results of
agglutinin titrations in the same categories of
patients. The association of pure controls with
6 zero (as against non-zero) titers is significant(Fisher's exact one-tailed probability = 0.003).
10 It is statistically more satisfactory to take the
number of the tube in which agglutination is
10 first observed and to use the geometric means of
t Statistical Analysis by D. J. Newell, Ph.D.
TABLE 2
Results of skin testing in the three groups of patients showing averages of wheal diameter in mm., with
columns 4 and 5 showing the results in (a) controls who had no cultures positive, (b) classical Candida
infections. A minus value indicates a bigger wheat in the control than the test injection
Controls (19)
Non-Candida
skin Patients ci iiCani ((5)
"Pure
Controls"
"Pure
Candida"
Average immediate wheal diameter
minus control in mm.
Range
Average delayed wheal diameter
minus control in mm.
Range
2.7
—lto+10
3.1
OtolO
2.3
—3to+8
1.8
—Sto+5
2.4
—2to+7
4.5
OtolO
1.5
—lto+7
4.1
OtolO
2.4
—2to+6
4.1
OtolO
Site
Angle of mouth
Nail
Toe-web
Perineum
Stool
Lesion
One or more of
above
Controls
(20)
3
0
0
0
6
2
(sputa)
S
Non-
Can-
dida
Skin
Pa-
tients
(40)
7
5
5
4
17
1
20
"PureClinically Can-Candida dida"(21) (10)
6
9
S
10
11
(of 20)
14
20
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TABLE 3
Results of skin testing in (a) patients who grew
Candida from one or more sites, (b) patients
whose cultures were all negative. All groups of
patients are included in these figures
Patients with
Positive Cul-
tures (27)
Patients with
All Cultures
Negative (19)
Average immediate
wheal diameter
minus control in mm.
Range
Average delayed wheal
diameter minus con-
trol in mm.
Range
3.56
—2 to +10
3.33
0 to 10
1.21
—3 to +7
3.05
0 to 10
TABLE 4
This shows the average of the titre levels and the
ranges observed in the usual groups of patients
Non-
Con-
trols
(20)
Can-
dida
Skin
Pa-
tients
Clini-
cally
Can-
dida
(21)
"Pure
Con-
trols"
(12)
"Pure
Can-
dida"
(10)
(40)
Average Titer 3.6 4.2 14.7 0 13.2
Range 0—16 0-32 0—64 0 0—64
TABLE 5
Results of agglutinin titrations in (a) all patients
with positive cultures from any site, (b)
patients with all cultures negative
Patients with
Positive CuT-
tures (49)
Patients with
All Cultures
Negative (32)
Average titer 10.4
Range 0—64
1.0
0—8
the figures so obtained. Using this technic, 49
patients with positive culture(s) had a mean
number of tubes of 1.74 0.22 corresponding
to a geometric mean titer of 6.5. Thirty-two
patients with negative cultures had a mean
number of tubes of 0.28 0.11 corresponding
to a geometric mean titer of 2.4.
Owing to the obvious inequality of the vari-
ances of the two distributions the t-test is not
applicable. That the difference between the titers
in the two groups is significant has been es-
tablished by two methods:
(A) Comparison of the numbers of zero and
non-zero titers (ignoring the magnitude of the
non-zero titers). Sixteen of the 49 patients with
positive cultures had zero titers, whereas 26 of
the 32 with negative cultures had zero titers.
x2 = 16.4 with 1 df:p <0.001.
(B) Using Cochran's modified t-test (Cochran,
W. G. and Cox, G. M., Experimental Designs;
John Wiley and Sons, N. Y. 1950) the difference
of 1.46 in the mean number of tubes is significant
at the 0.1% level (t = 5.3).
Table 6 shows the result of agglutinin titrations
in psoriatic patients and patients with other
skin diseases excluding Candida albicans.
When tested by the two methods (A) and (B)
above, the difference between the two groups was
found to be significant at the 1% level by each
test.
For the two complete groups: psoriasis (20)
and other skin diseases excluding psoriasis (20)
the geometric mean titers were 2.5 and 4.8 re-
spectively.
DISCUSSION
Each patient has been more comprehensively
examined and more specimens were taken than
in most other investigations of which we have
knowledge, and we believe that the clear-cut
relation of the serum agglutinins to the presence
of Candida albicans, saprophytic or otherwise,
was achieved because of this. We found this to
be a useful investigation but wish to emphasize
that a titer of 1:8 or higher, merely indicates the
presence of Candida albican.s somewhere; a titer
of 1:16 or higher, is more significant of Candida
TABLE 6
Results of cultures and agglutinin titrations in (a)
psoriatics, (b) all other patients except those
diagnosed clinically as Candida infections
Total
Posi-
tive
All
Sites
No. of
Pa-
tients
with
Post-
tive
Cul-
tures
13
Aver-
ageTitre
1.4
Aver-
ageTitre
Pa-
tients
with
Posi-
tive
Cul-
tures
1.9PatientswithPsoriasis 23
(20)
Patients with other 16 8 7.0 14.5
skin diseases not
Candida (20)
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infection (i.e. clinical disease), though here again
it is not necessarily infection of the skin. How-
ever, when combined with a positive culture from
a "non-Candida site" we feel this is highly sig-
nificant and certainly supports a clinical diagnosis
of candidiasis.
Thus of 32 patients with titers of 1:8 or higher,
only three were completely free of Candida. Of
the 18 patients with titers of 1:16 or higher, all
had Candida somewhere and 16 were clinically
suspected of Candida infection. However, the
converse is not true and we had several cases of
clear-cut Candida infection who had titers of less
than 1:8. A high titer thus seems to indicate
Candida infection, but a low titer does not exclude
it.
We cannot recommend intradermal testing as
a diagnostic aid. In this we are in accord with
most previous investigators. However, we recog-
nize that intradermal testing probably has a
much greater meaning in cases of urticaria due
to Candida infection.
We were surprised to discover that of 45 lesions
scraped in non-Candida skin patients only one
was positive for Candida albicans on culture, for
it is a widely held belief that the organism is a
common contaminant of diseased skin.
We conclude that, except in "Candida sites"—
and contrary to general belief—Candlda albican.s
does not grow readily on skin affected by diseases
such as psoriasis, eczema, pemphigus etc. This
seemed particularly marked in psoriatic patients.
We never isolated Candida from a psoriatic
lesion unless it was perineal psoriasis, but the
organism seemed to flourish perfectly well in
other sites away from the psoriasis-affected skin.
As seen in Table 6 this, however, did not appear
to be accompanied by any comparable antibody
response though it will be seen that, if anything,
Candida was slightly more common in the
psoriatic patients as a group than in other skin
diseases, excluding Candida athicans infection.
There is a particularly notable difference between
the average titers of the patients with positive
cultures. It is possible that the high incidence of
Candida may be linked with the reportedly high
skin glucose levels in psoriatics (5). The low anti-
body titer might conceivably be due to (a) some
inhibiting factor in the serum, or (b) poor anti-
body formation. The former possibility was tested
by adding psoriatic serum with no detectable ag-
glutinins to high titer control serum and com-
paring the result with that obtained by adding
serum with no detectable agglutinins from other
skin diseases to the same high titer control
serum; no difference was rioted between the two
groups. The second possibility may exist as part
of a generalized deficiency in antibody formation
in psoriatics.
5UMMARY
A clear relation between Candida infection and
the level of serum agglutinins has been found.
Skin testing, using a commercial antigen and one
manufactured by the authors, has not been
shown to be of value in diagnosis. The culture of
Candida albicans from lesions away from the
usual commensal "Candida sites" is unusual in
most common dermatoses and is, if accompanied
by a titer of 1:8, or higher, good evidence of
Candida infection, though lower titers do not
necessarily exclude Candida infection.
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